The cost of industrial building construction has risen dramatically in recent years. Excessive construction costs have eroded the competitive position of the US construction industry and are having a similar impact on the manufacturing industry by preventing it from building new plants and modernizing existing ones. An effective solution to these problems is the introduction of new technologies that enhance the quality of the building product, increase construction efficiency, and decrease costs. This paper presents the ABT Matrix system, an information system for describing and documenting advanced building technologies (ABTs) and lists the names of the 151 ABTs that have been documented using this system. The Advanced Building Technologies Matrix is a database system that relates building systems to specific technologies and vice versa. In its present implementation the ABT Matrix can be used as:
INTRODUCTION
The cost of industrial building construction has risen dramatically in recent years. Excessive construction costs have eroded the competitive position of the US construction industry and are having a similar impact on the manufacturing industry by preventing it from building new plants and modernizing existing ones. A large number of projects have been abandoned because the cost of construction is a large component of a corporation's cash flow. The decline will continue until construction firms lower costs and improve techniques to the point where growth is worth the risk and investment.
An effective solution to the above problems is the introduction of new technologies that enhance the quality of the building product, increase construction efficiency, and decrease costs. In order for new technologies to be incorporated in building construction, however, they must first be identified and evaluated during the project design phase and the construction planning phase.
In most organizations it is typically assumed that architects and engineers will initiate and be responsible for the introduction of new building technologies through research and evaluation. Often, however, these professionals are not given the necessary time nor the incentive to do so. Practicing A/Es have admitted that their typical information base on available and future technologies is limited to one or two magazine articles or advertisements.
The purpose of this study is to assist the construction and manufacturing industries in becoming more efficient and cost effective through the introduction and broad use of new technologies. Approximately 50% of construction costs in light industrial and commercial building construction are related directly to enclosure and structural systems. Since these systems are common among industrial buildings, the identification and adoption of effective and efficient technologies in these areas is a major step towards improving quality, reducing costs, and expediting schedules.
of the art of building technologies that are applicable to industrial and commercial construction. These include available and future technologies, that may or may not be in widespread use, which show a promise towards improving the cost effectiveness and efficiency of construction, and enhancing the functional and operational performance of the constructed product.
The scope of the research included the development of the Advanced Building Technologies (ABT) Matrix system, an information database that relates technologies to building systems and vice versa, and the identification and documentation of the benefits, advantages, and limitations of promising technologies that are applicable to the enclosure and structural systems of commercial and light industrial buildings. The specific focus was on technologies that apply to: (1) Floor, (2) Roof, (3) Structure, and (4) Wall systems for industrial and commercial building construction.
A fifth category "Miscellaneous" includes technologies that were identified in the course of the study but were not directly related to the above systems.
The selection of the scope and direction of this study were based on the following criteria and goals:
 The project provides in-depth coverage of the current and future state of the art in a particular technological domain. A wider scope would dilute the effectiveness and utility of the research.  The scope of the research was of direct interest to the members of the Subcommittee on Advanced Building Technology (ABT), the Technology Task Force, and the members of the Construction Industry Institute. Light industrial and commercial building construction provides excellent possibilities both in terms of interest and in terms of potential for innovation.  The domain of light industrial and commercial building construction is too diverse in itself for the resources allocated to the research because of the wide range of possible building functions and uses. In order to maximize the benefit of the research in terms of breadth of applicability, it was focused on building systems that are more or less independent of function, including wall, roofing, floor, and structural systems.  The results of this effort constitute a basis for future CII projects with a broader scope and provide the framework for the development of similar information systems within CII member companies and other construction organizations.
ABT MATRIX SYSTEM
The Advanced Building Technologies (ABT) Matrix is an information system that relates building systems to specific technologies and vice versa. The ABT Matrix associates a given building system with the applicable technologies and associates a particular technology with its domain of applications. This matrix serves as an indexing system for retrieving detailed ABT information, and it is similar in function to a relational database. The system currently includes 151 advanced building technologies (ABTs), the description and documentation of which constitutes the main part of a research report (Ioannou 1987) . This report also includes a set of six indexes for retrieving information by relating technologies to the appropriate building systems and vice versa. The indexes also allow locating particular technologies based on keywords in their names. The names of the technologies documented in the report are listed in Appendix II of this paper.
The documentation of the technologies included in the ABT Matrix is based on a standard format that was developed in cooperation with the CII Technology Task Force. The ABT format and the degree of detail in the database were determined on the basis of experience and the industry's needs. The purpose of this format was to provide information in a form that is sufficient, non-product specific, and readily usable in everyday practice. Our objective in developing the format was to provide the user with enough information to make the initial and crucial decision as to the whether a certain technology is of interest and should be pursued further. It was not our intention to provide all the information that may be available about each technology and each specific product. The user is provided with references and is directed to other information sources for that purpose.
The ABT Matrix system is also available in microcomputerbased database format for rapid retrieval and easy updating and expansion. The computerized form utilizes two commercial microcomputer software packages: an (ASCII) text editor/text formatter (FinalWord II), and a spreadsheet/database system (Lotus 1-2-3). These software packages were used to create the research report and were chosen so that it would be easy to transfer the ABT system to other micro, mini, and mainframe computer systems. The current implementation can be used as (1) a direct source of initial information about the documented ABTs, (2) a pilot implementation and an example of the ABT database system, and (3) a basis for developing similar, in-house, ABT documentation systems. All the microcomputer files for the ABT Matrix system, as well as the research report, are available from us upon request. A more detailed description of the system appears below.
THE ABT DOCUMENTATION FORMAT
Each technology in the ABT Matrix is documented using a standard format which serves the purpose of a database record. The format includes a standard number of fields that appear in the description of every technology. Certain fields have subfields whose names or purpose depend on the nature of the specific technology being described. The need and the headings for the subfields are determined on an individual basis.
The organization of the ABT format and the degree of detail in the database were determined in cooperation with the CII Technology Task Force and reflect the experience gained during the research study. Many of the related decisions were dictated by the need for consistency, brevity, and clarity. The final format provides sufficient information for identifying promising technologies, and it is easy to use in everyday practice. The underlying objective was to provide users (owners, architects, engineers and contractors) with concise and sufficient information for making the preliminary decision on whether they are (or should be) interested in a particular technology. It was not intended to provide a detailed description of each technology to the degree necessary for design, specification, procurement, and construction. The users are directed to other information sources for detailed data.
An example application of the standard format is presented below. An explanation of the various fields is shown in italic type.
Name:
Single The same fields are used for the description of all technologies. Fields that cannot be completed due to lack of sufficient information are shown blank. The listing of all field names, even if the fields are blank, insures uniformity and indicates which information is missing. It also prevents the misinterpretation that if a field name or information is not listed then it must not be applicable.
THE ABT MATRIX DATABASE ORGANIZATION
The ABT Matrix associates each technology with the appropriate building systems and associates each building system with the applicable technologies. In database terminology this is a standard "many to many" relationship. In implementing this relationship the ABT Matrix had to satisfy several conflicting criteria in order to be as useful as possible to a diverse user group: (1) It should have an organization that can be implemented both on paper and in electronic form, (2) it should be simple, easy to understand and use, (3) it should be easy to expand by adding new undocumented technologies or updating existing ones, and (4) it should be transportable from one hardware or software system to another. The implementation described below satisfies these criteria in an efficient and effective manner.
RELATING TECHNOLOGIES TO BUILDING SYSTEMS
Each technology must be related to all the building systems to which it applies. This association is accomplished through the field "Classification" in the ABT standard format described above. This field relates each technology to one or more of the building systems included in the scope of the project: Floor, Roof, Structure, Wall, and Miscellaneous. For example, the single ply membrane roofing system is shown to apply to the system "Roof".
In order to make the system more compatible with an industrystandard system, the "Classification" field has been expanded to include the corresponding CSI MasterFormat Broadscope Section Number and Title for each technology (CSI 1987) . This format is published by the Construction Specification Institute (CSI) and has been widely adopted by many trade technical, professional, and public groups involved with design and construction. This is especially true for building construction where most building materials are now identified by the CSI classification numbers for filing purposes.
The CSI numbering system is also the classification basis for the Spec-Data system described below.
The five digit CSI number in the "Classification" field serves as the primary index for the ABT database system. Each technology is documented in a separate text file whose filename is in the form "ABTccccc.xxx", or "APPccccc.xx". Filenames with the prefix "ABT" indicate technologies that have been adequately documented (these are described in the main part of the report). The prefix "APP" indicates that the corresponding technology has not been adequately documented due to lack of sufficient information (included in Appendix A of the report). The same explanation applies to the character "" in the filename suffix. The ABT Matrix currently includes 126 "ABT" and 25 "APP" technologies.
The numbers included in each filename are based on the corresponding CSI section number. For example, the single-ply membrane system described above is documented in the file "ABT07500.001". The five digit number "07500" is the CSI number for "Membrane Roofing". The suffix "001" indicates that this technology was the first one that we documented within the CSI number "07500". As other technologies with the same CSI number were identified, they were assigned consecutive suffix numbers. The CSI number and the suffix number determine the sequence in which the technologies are documented in paper form as shown in Appendix II of this paper. They are also the means by which the user can locate a particular technology using the indexes.
RELATING BUILDING SYSTEMS TO TECHNOLOGIES
The association of building systems with the applicable technologies is accomplished through six indexes. The first is a general index that lists all the technologies irrespective of the building system to which they apply. Each of the remaining five includes technologies that are applicable to a particular building system: Floor, Roof, Structure, Wall, and Miscellaneous. (Miscellaneous refers to ABTs that are applicable to building systems other than the previous four.) Technologies applicable to more than one building system are listed in each one of the appropriate indexes.
The indexes direct the user to the appropriate printed documentation or computer file by listing the computer filename for each technology next to its name. They also allow the identification of a particular technology for a given building application without requiring that the exact name of the technology be known. This is accomplished by using separate indexes for each building system, and multiple entries for each technology within each index. The multiple entries were created by dividing the name of each technology into a set of up to five descriptive keywords. The keywords for all the technologies in a particular index were sorted alphabetically, and a complete entry for each technology was made under each of its keywords. For example, the name "Single Ply Membrane Roofing System" has been divided into the two keywords "Single Ply", and "Membrane Roofing System". This technology is listed both under "Single Ply" and under "Membrane Roofing System". Both entries can be found in the General Index and the Roof Index.
The applications of each technology are listed next to its name by using the first letter of each of the appropriate building systems: "F"=Floor, "R"=Roof, "S"= Structure, "W"=Wall, and "M"=Miscellaneous, as shown in Appendix II. The actual ABT indexes are not reproduced in this paper due to space limitations.
SOURCES OF INFORMATION
The identification and documentation of ABTs involved thorough searches of professional and trade magazines, product catalogs and manufacturers' literature, request letters and phone calls to product manufacturers and suppliers, and communications with the Technology Task Force member organizations. A complete list of information sources appears in Appendix B of the research report and includes product manufacturers, suppliers, professional associations, professional societies, professional and trade magazines, technical reports, individuals within design and construction companies, and CII member organizations.
The specific sources of information for each technology are listed at the end of each ABT file. These include product manufacturers and/or other sources, and their complete addresses and telephone numbers.
Similar documentation efforts have been undertaken by the Construction Engineering Research Laboratory (Napier 1987) and GM Argonaut AEC (Argonaut 1987). A very important source of information is the CSI Spec-Data system described below. It deserves particular attention, not only because it is useful, but also because many potential users are not aware of its existence and purpose.
THE SPEC-DATA, MANU-SPEC SYSTEM
The Spec-Data sheets are short descriptions of proprietary products. They are prepared by manufacturers according to a format established by the Construction Specification Institute (CSI). The standard format of a Spec-Data sheet assembles product data into ten groups (headings) of related information. The same headings appear in all Spec-Data sheets as follows: The product manufacturer selects and prints the data that apply to the product under each of these headings. While CSI reviews and authorizes the publication of a unit, the technical accuracy of any Spec-Data sheet is solely the responsibility of the manufacturer who produces the sheet. New and/or revised SpecData sheets are mailed to CSI subscribers periodically. They are intended to be inserted in 3-ring binders and used as a reference in evaluating and selecting proprietary products.
The Manu-Spec sheets are product specifications that complement the Spec-Data sheets. They provide an easy way for specifying proprietary products using a "closed specification" format. The Manu-Spec format has three parts:
-General
Includes a description of general requirements such as Related Work, Quality Assurance, References, Unit Price, Warranty, Delivery, Storage, and Handling.
-Products
Includes required information on the materials and their preparation prior to installation. 3 -Execution Includes "execution" provisions pertinent to the products specified in Part 2. These include inspection, preparation, installation-applicationerection, field quality control, adjusting and cleaning, protection, extra stock/spare parts, and schedules.
The technical accuracy of a Manu-Spec sheet is the responsibility of the manufacturer who produces the sheet. These sheets are kept in binders similar to the Spec-Data sheets. They are ready to use and can be easily inserted into a set of building specifications.
COMBINING THE ABT MATRIX WITH THE SPEC-DATA SYSTEM
The integration of the ABT Matrix with the Spec-Data system produces a very useful and powerful information base. Even though the two systems appear similar, they actually complement each other because they serve different purposes and objectives, they are based on different classifications, they include different technologies, and they list different kinds of information.
The Spec-Data system is product-specific, is prepared and paid for by the manufacturer, and resembles a form of controlled or constrained advertising. The ABT system is intended to be impartial, does not focus on proprietary technologies (if possible), and should be maintained by the user and not by product manufacturers. The ABT system resembles a product review in that it permits the aggregation of similar products under the same ABT heading. It also permits the documentation of technologies that are not associated with specific proprietary building products, including equipment and methods.
Some of the ABT files have counterparts in the Spec-Data sheets, but many do not. This is especially true for newer technologies and technologies produced by small or new companies. Some of the most promising ABTs that have been identified do not have Spec-Data sheets. However, when SpecData for a particular product exist, they constitute a valuable source of product-specific information that can be very useful to the user. The same applies to the Manu-Spec sheets, if the user wishes to indicate a particular proprietary product using a "closed specification" format.
ABT MATRIX SYSTEM IMPLEMENTATION
The ABT Matrix documentation system has been implemented on an IBM PC (or compatible) microcomputer. Individual organizations can apply the results of this research project as a basis for implementing and maintaining their own ABT information databases using a variety of hardware and software configurations.
The ABT documentation system is based on two commercial programs, the FinalWord II, a word-processor, and Lotus 1-2-3, a spreadsheet-database. The publishers of these programs are given in Appendix III.
The primary objective in selecting these programs was to maximize the portability of the research files. The FinalWord is a combination of two programs: a text editor that creates pure ASCII manuscript files and a formatter that interprets Englishlike directives included as part of the manuscript. This permits all text files to be read by any other word-processing system without a need for extensive translations. If necessary, the FinalWord formatting commands can be removed or substituted with delimiters (for importing the descriptions into database programs) by using "global search and replace" or "print to file" options. The FinalWord formatting commands are almost identical to the ones used by the SCRIBE and LaTeX text formatting systems that are widely available on minicomputers and mainframes. Even though Lotus 1-2-3 does not produce ASCII files directly, it is the most widely used software product, and thus it is possible to translate its worksheets into the format of any other program.
The practical implementation of the system in user organizations is relatively straightforward. The first step is to select the appropriate software system that is compatible with the organization's computing facilities.
Example systems for companies using IBM microcomputers are:
(1) spreadsheet/database programs such as Lotus 1-2-3 or Excel in combination with a word-processing system such as FinalWord, Word, or WordPerfect, (2) spreadsheet/database programs augmented with text-processing capabilities (Excel, or 1-2-3 with a database add-in such as @Base or Silverado, or with a textprocessor add-in such as 4-Word), (3) database systems that can accommodate large text fields, such as dBase III Plus, RBASE System V, or Paradox, and (4) integrated systems such as Framework, or Symphony. For Apple Macintosh systems it is possible to use similar systems, for example, a database such as Fourth Dimension, or a hypertext system such as HyperCard.
Once the software system is selected, it is convenient to create a data entry system for the various fields of the ABT standard format (a system-specific task). The actual data entry and the cross-classification of technologies can be performed by either line personnel or trained staff. The actual database could reside on a local area network for direct access or it could be distributed on disks.
Searching for appropriate technologies can be accomplished by publishing the indexes on paper, or by using an on-line database index. A very effective search system can also be implemented by using a hypertext system (such as HyperCard on the Macintosh) that allows cross-referencing any word or phrase in the documentation of one technology to the documentation of any other technology.
The effort required to maintain the system depends on the adopted configuration and the robustness of the software. As an estimate, a single experienced person should be able to install and configure the ABT Matrix system in less than a week. Once the system is in place, data entry becomes the most time consuming task and should be assigned to support staff personnel. The source of the information should be the system users (line personnel) who should also check the input for accuracy.
CONCLUSION AND RECOMMENDATIONS
This study has developed an information system for advanced building technologies and has used this system to document 151 promising ABTs for the enclosure systems of light industrial and commercial buildings. The results of this study can be used as: (1) a direct source of initial information about the documented ABTs, (2) a pilot implementation and an example of the ABT database system, and (3) a basis for developing similar, in-house, ABT documentation systems.
We believe that this effort should be continued, either by CII sponsored research, or by individual organizations involved in construction. This recommendation is based on the single observation that once an ABT system is in place, it is very easy to expand, update, and maintain, and its potential benefits towards cost effectiveness, and the improvement of construction quality far outweigh the associated cost. The magnitude of construction costs is so large that even marginal reductions in cost or improvements in quality can easily justify the effort and cost of developing and maintaining the ABT Matrix system. 
